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Research Progress on the Brittle-to—Ductile Transition
Behavior of TiAl Alloy
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Abstract: TiAl alloys have low density and excellent high-temperature properties and are important candidates for
achieving weight loss in aeroengine structures with high thrust-weight ratios. As a key mechanical behavior that determines
the upper limit of the service temperature of materials, the brittle-to-ductile transition directly affects the reliability and
safety of TiAl alloy engineering applications. In this paper, the research progress on the brittle-ductile transition of TiAl
alloys in recent years is systematically reviewed. The classification methods, main test methods and criteria, transformation
characteristics, key influencing factors and micromechanisms are summarized, and future research directions are proposed.
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Fig.1 Two typical modes of the brittle-to-ductile transition: (a) sharp transition; (b) soft transition*
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Fig.2 Determined the brittle-to-ductile temperature of TiAl alloy by property mutation: (a) curve of yield strength and elongation with
temperature; (b) curve of creep strain with time®!
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Fig.3 Fracture morphologies of Ti-43A1-9V-0.3Y alloy under different fracture modes: (a) brittle fracture; (b) brittle-ductile mixed
fracture; (c) ductile fracture®!
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4 : (a) Ti-45A1-8.5Nb-0.2W-0.2B-0.02Y 700 ‘C ; (b) Ti-45A1-8.5Nb-0.2W-0.2B-
0.02Y 900 ‘C :(c) Ti-44A1-8Nb-0.2W-0.2B-0.1Y 920 C 14s37)

Fig.4 Deformation microstructure characteristics of the fracture cross-section: (a) 700 C tensile fracture cross-section of the
Ti-45A1-8.5Nb-0.2 W-0.2B-0.02Y alloy; (b) 900 °C tensile fracture cross-section of the Ti-45A1-8.5Nb-0.2 W-0.2B-0.02Y alloy;
(¢) 920 C tensile fracture cross-section of the Ti-44A1-8Nb-0.2 W-0.2B-0.1Y alloy**"
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Fig.5 Microstructure of Ti-45A1-8Nb during different tensile tests: (a) small number of dislocations in the y phase at room temperature;
(b) large number of dislocations in the y phase at 700 ‘C; (c) large number of deformation twins in the -y phase at 750 ‘C; (d) dynamic
recrystallization of equiaxed vy grains at 950 C5¥
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Fig.6 Brittle-to-ductile transition temperatures of four typical microstructures in TiAl alloysP™%¢¢
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Fig.7 Unpinning process of a/6<112] partial dislocations: (a) «/6<112] dislocation state in the room-temperature tensile deformation
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Fig.8 Dislocation density of o, lamellae after creep at different temperatures: (a) 800 C; (b) 850 ‘Cl™
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